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Background
The 18-month efficacy of a single course of rituximab as compared with conventional immunosuppression with cyclophosphamide followed by azathioprine in patients with severe (organ-threatening) antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis is unknown.
Methods
In a multicenter, randomized, double-blind, double-dummy, noninferiority trial, we compared rituximab (375 mg per square meter of body-surface area administered once a week for 4 weeks) followed by placebo with cyclophosphamide administered for 3 to 6 months followed by azathioprine for 12 to 15 months. The primary outcome measure was complete remission of disease by 6 months, with the remission maintained through 18 months.
Results
A total of 197 patients were enrolled. As reported previously, 64% of the patients in the rituximab group, as compared with 53% of the patients in the cyclophosphamideazathioprine group, had a complete remission by 6 months. At 12 and 18 months, 48% and 39%, respectively, of the patients in the rituximab group had maintained the complete remissions, as compared with 39% and 33%, respectively, in the comparison group. Rituximab met the prespecified criteria for noninferiority (P<0.001, with a noninferiority margin of 20%). There was no significant difference between the groups in any efficacy measure, including the duration of complete remission and the frequency or severity of relapses. Among the 101 patients who had relapsing disease at baseline, rituximab was superior to conventional immunosuppression at 6 months (P = 0.01) and at 12 months (P = 0.009) but not at 18 months (P = 0.06), at which time most patients in the rituximab group had reconstituted B cells. There was no significant between-group difference in adverse events.
Conclusions
In patients with severe ANCA-associated vasculitis, a single course of rituximab was as effective as continuous conventional immunosuppressive therapy for the induction and maintenance of remissions over the course of 18 months. (Funded by the National Institute of Allergy and Infectious Diseases and others; RAVE ClinicalTrials.gov number, NCT00104299.) G ranulomatosis with polyangiitis (previously termed Wegener's granulomatosis) and microscopic polyangiitis are called antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides because they are frequently accompanied by autoantibodies against proteinase 3 or myeloperoxidase. 1,2 For nearly four decades, cyclophosphamide and glucocorticoids have been the standard therapy for the induction of remission. However, the primary results of the Rituximab in ANCA-Associated Vasculitis (RAVE) trial 3 and results from a European trial 4 showed that rituximab was as effective as cyclophosphamide for the induction of remission in patients with severe disease. Moreover, the rituximabbased regimen was superior in patients who had relapsing disease at 6 months. 3 Rituximab has been approved in many countries worldwide for the induction of remission in patients with severe ANCA-associated vasculitis.
Because most patients with ANCA-associated vasculitis eventually have a relapse, the duration of treatment-induced remissions, the severity of relapses, and cumulative treatment-related toxic effects are important factors in the choice of induction therapy. [5] [6] [7] In the RAVE trial, patients in the rituximab group who completed the tapering of prednisone by 6 months and remained in remission received only placebo from month 6 through month 18. 3 In contrast, the comparison group received a full 18 months of immunosuppressive therapy comprising cyclophosphamide followed by azathioprine. We report here the long-term results of the trial, with an emphasis on the efficacy and safety of the therapies and the factors that predicted relapses.
Me thods
Study Oversight
The first and last authors designed the trial in collaboration with the clinical development team of the Immune Tolerance Network and clinical investigators of the research group (see the Supplementary Appendix, available with the full text of this article at NEJM.org). The data were collected by the site investigators and were analyzed by the study data committee, which consisted of the first and last authors and representatives of the Immune Tolerance Network, the National Institute of Allergy and Infectious Diseases, and a contract research organization (Rho), which served as the coordinating center. All drafts of the manuscript were written by the first and last authors, with input, as appropriate, from members of the study data committee and the clinical investigators. The study data committee made the decision to submit the manuscript for publication. All the authors vouch for the integrity and completeness of the data and the analyses reported and for the fidelity of the study to the protocol (which is available at NEJM.org). Genentech and Biogen Idec provided partial funding for the study and donated the study medication but had no determinative role in the study design, the analyses, or the preparation of the manuscript. ANCA enzyme-linked immunosorbentassay (ELISA) kits were donated by EUROIMMUN, which had no role in any aspect of the study.
Patients
The details of the trial design have been reported previously. 3, 8 We enrolled patients with severe ANCA-associated vasculitis who had positive serum assays for proteinase 3-ANCA or myeloperoxidase-ANCA and Birmingham Vasculitis Activity Scores for Wegener's Granulomatosis (BVAS/WG; with scores ranging from 0 to 63, and higher scores indicating more active disease) of 3 or more. Severe disease was defined as vitalorgan involvement that posed an immediate threat to the function of that organ or the patient's life (see the Supplementary Appendix). 3, 8 The same definition also applied to relapses. 3, 8 Patients were randomly assigned, in a 1:1 ratio, to rituximab or cyclophosphamide-azathioprine and were followed until the closeout date of the study (the date on which the last enrolled patient completed 18 months of study therapy). All patients provided written informed consent.
Disease-Assessment Instruments
The principal measure of disease activity was the BVAS/WG. 9 The Cockcroft-Gault formula was used to estimate creatinine clearance. 10 Other instruments used to assess outcomes included the Vasculitis Damage Index and the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36). 11, 12 
Treatment Groups
The glucocorticoid-tapering regimen, which was identical for the two groups, called for complete cessation of prednisone after 5.5 months if the patient was in remission. The rituximab group received intravenous rituximab (375 mg per square meter of body-surface area once a week for 4 weeks) plus daily placebo cyclophosphamide. 3, 8 Patients in the rituximab group who completed the glucocorticoid tapering and had a sustained disease remission received no further active treatment. 3, 8 The standard-therapy group received placebo rituximab infusions plus daily cyclophosphamide (2 mg per kilogram of body weight, with the dose adjusted for renal insufficiency). If remission was achieved between month 3 and month 6, cyclophosphamide was discontinued and azathioprine (2 mg per kilogram) was initiated and was administered for the balance of the 18 months. 3, 8 
Outcomes
The primary comparison at 12 and 18 months was the percentage of patients who had a score of 0 on the BVAS/WG, had completed the glucocorticoid-tapering regimen, and had not had a relapse or any other reason for treatment failure before the time point of interest (see the Supplementary Appendix). Adverse events were recorded for all patients from the time of enrollment through the closeout date of the study. 13
Flow Cytometric and ANCA Measurements
At each visit, blood mononuclear cells were analyzed at a central location by means of five-color flow cytometry. 8 B-cell depletion was defined as the presence of less than 10 CD19+ B cells per microliter, redetection was defined as at least 10 but less than 69 CD19+ B cells per microliter, and reconstitution was defined as 69 or more CD19+ B cells per microliter or a return to baseline levels. Serum samples were tested for proteinase 3-ANCA or myeloperoxidase-ANCA by means of an ELISA. 14 
Statistical Analysis
Comparisons of binary outcomes were performed with the use of a chi-square test for efficacy variables and Fisher's exact test for safety variables. Wald 95% confidence intervals were calculated for differences in treatment. The noninferiority margin was a 20% difference in risk with rituximab as compared with cyclophosphamide-azathioprine at 6, 12, and 18 months. The protocol specified that an analysis for superiority should be performed in the event that the criterion for noninferiority was met; the criterion for superiority was a lower limit of the confidence interval calculated for the difference in treatment that was higher than 0. Relapse rates were compared by means of a Poisson regression model. Time-toevent comparisons were performed with the use of a log-rank test. Descriptive statistics were generated for analyses of time to event and were tested with the use of the Wilcoxon rank-sum test. Data sets for these analyses are accessible through TrialShare, a public Web site that was developed and is managed by the Immune Tolerance Network (https://www.itntrialshare.org/rave .html). Further details about TrialShare and the methods of the censoring and imputation of data and adjustments of the analysis for specific variables are provided in the Supplementary Appendix.
R e sult s
Patients
From December 2004 through June 2008, we enrolled 197 patients with severe ANCA-associated vasculitis. A total of 99 patients were randomly assigned to receive rituximab and 98 were randomly assigned to receive cyclophosphamide followed by azathioprine. 3 The status of the patients with respect to the study treatment at 6, 12, and 18 months is shown in Figure 1 . At 18 months, 61 patients (62%) who had been assigned to the rituximab group and 63 (64%) who had been assigned to the cyclophosphamide-azathioprine group remained in their original group since they did not have early treatment failure, did not cross over to the other regimen, had not been switched to another therapy that was considered, in the judgment of their physicians, to be a better therapy for them, and did not withdraw for other reasons. 8
Efficacy Assessments
Complete Remission at 6, 12, and 18 Months
A total of 64% of the patients in the rituximab group had a complete remission by 6 months, and 48% and 39% maintained the complete remission at 12 months and 18 months, respectively. The corresponding percentages in the cyclophosphamide-azathioprine group were 53%, 39%, and 33% (Table 1) . Given these betweengroup differences in the treatment effect at 6, 12, and 18 months, rituximab met the criterion for noninferiority (i.e., <20% difference in risk) (P<0.001), 3, 8 but not the criterion for superiority.
There was no significant difference between the two groups in any efficacy outcome measure, including the percentage of patients with remission; the duration of remission; the num- ber, rate and severity of relapses; the area under the BVAS/WG curve; or scores on the Vasculitis Damage Index and SF-36 at 12 or 18 months (Table 1 , and the Supplementary Appendix).
Duration of Complete Remission
A total of 146 patients (74%), including 76 (77%) in the rituximab group and 70 (71%) in the cyclophosphamide-azathioprine group, had a complete remission after remission-induction treatment at some time during the first 18 months.
The mean duration of complete remission was similar in the two treatment groups (P = 0.76) ( Fig. 2A) . Among the 76 patients in the rituximab group who had a complete remission, 24 (32%) had a relapse before the 18-month time point, with a mean (±SD) time to relapse of 176±91.2 days. Among the 70 patients in the cyclophosphamide-azathioprine group who had a complete remission, 20 (29%) had a relapse before 18 months, with a mean time to relapse of 142±99.2 days (P = 0.16 for the between-group comparison). Patients were randomly assigned, in a 1:1 ratio, to the receive rituximab or cyclophosphamide-azathioprine. Shown are the numbers of patients who remained in the original treatment groups at 6, 12, and 18 months and the reasons that some patients discontinued the original treatment regimen before each time point. Patients could have had more than one protocol-defined reason for treatment change. Early treatment failure was defined as a lack of improvement or a worsening of disease activity before month 1. Patients crossed over to the opposite treatment group if they had a severe disease flare between month 1 and month 6. Patients were switched to a nonstudy therapy if it was deemed necessary according to best medical judgment. Patients were dropped from the study if they withdrew voluntarily or died. Open-label therapy, which was initiated in the case of a severe relapse, consisted of open-label rituximab and glucocorticoids. with scores ranging from 0 to 63, and higher scores indicating more active disease), no prednisone therapy, and no other reason to be considered as having had treatment failure. Data were analyzed according to the intention-to-treat principle with worst-case imputation. Only patients who had a complete remission at 6 months were included in the 12-month analysis, and only those who maintained the complete remission at 12 months were included in the 18-month analysis. ‡ Remission was defined as a score of 0 on the BVAS/WG. § The two groups did not differ significantly with respect to improvement in estimated creatinine clearance levels between baseline and 18 months (P = 0.90 for the total cohort and P = 0.80 for the subgroup of patients with major renal disease). ¶ A total of 51 patients in each of the groups had major renal disease, which was defined as the presence of at least one factor designated as a major abnormality in the renal category of the BVAS/WG (urinary red-cell casts, biopsy-proven glomerulonephritis, or an increase of >30% in baseline serum creatinine concentration). Patients with proteinase 3-ANCA were more likely to have a relapse by 18 months than were those with myeloperoxidase-ANCA (P<0.001) (Fig. 2B) , patients with granulomatosis with polyangiitis were more likely to have a relapse than were those with microscopic polyangiitis, and patients who entered the trial with relapsing disease were more likely to have a relapse than were those with newly diagnosed disease (see the Supplementary Appendix). Patients with all three of these factors were at the highest risk for relapse (see the Supplementary Appendix). We found no significant difference between the treatment groups with respect to these clinical factors, and the likelihood of relapse was not affected by the presence of major renal disease at baseline (Fig. 2C and 2D , and the Supplementary Appendix).
Relapsing Disease versus Newly Diagnosed Disease
Among the 101 patients with relapsing disease at entry, 67% in the rituximab group had a complete remission at 6 months, and 49% and 37% maintained the complete remission at 12 months and 18 months, respectively; the corresponding numbers in the cyclophosphamide-azathioprine group were 42%, 24%, and 20% (Table 1) . Given these differences, rituximab met the criterion for superiority at 6 months (P = 0.01) and 12 months (P = 0.009) but not at 18 months (P = 0.06). Patients with relapsing disease at entry who were treated with rituximab also had fewer severe relapses than did those who were treated with cyclophosphamide-azathioprine, both at 6 months (1 vs. 9; rate, 0.004 per participant-month vs. 0.034 per participant-month; P = 0.02) and at 12 months (7 vs. 15; rate, 0.014 per participant-month vs. 0.033 per participant-month; P = 0.03). However, by month 18 -when B cells had been reconstituted in most rituximab-treated patients -the difference was no longer significant (13 vs. 17; rate, 0.018 per participant-month vs. 0.027 per participant-month; P = 0.19).
Renal Outcomes at 12 and 18 Months
A total of 102 patients had major renal disease at baseline, which was defined as the presence of at least one factor designated as a major abnormality in the renal category of the BVAS/WG (urinary red-cell casts, biopsy-confirmed glomerulonephritis [which was present in 49 patients], or an increase of >30% in baseline serum creatinine concentration). A total of 51 patients in each treatment group met this prespecified criterion for major renal disease at baseline. Of these, 51% in the rituximab group and 41% in the cyclophosphamide-azathioprine group had estimated creatinine clearance levels that were lower than 50 ml per minute, and 20% and 16%, respectively, had levels that were lower than 30 ml per minute. A total of 38 patients (75%) with major renal disease who received rituximab and 39 (76%) who received cyclophosphamide-azathioprine had a complete remission at some time before 18 months. The magnitude of improvement in mean estimated creatinine clearance levels over time was similar in the two treatment groups (P = 0.80), even though the mean baseline estimated creatinine clearance level was significantly lower among patients with major renal disease who were assigned to rituximab than among those who were assigned to cyclophosphamide-azathioprine (54 ml per minute vs. 71 ml per minute, P = 0.01) ( Table 1) .
Disease Relapses as Related to B-Cell detectability and ANCA
Of the 76 patients in the rituximab group and the 70 patients in the cyclophosphamide-azathioprine group who had a complete remission, 24 in the rituximab group (32%) and 20 in the cyclophosphamide-azathioprine group (29%) had a relapse between month 6 and month 18. In the rituximab group, the first relapse was severe in 9 patients and limited in 15. In the cyclophosphamide-azathioprine group, the first relapse was severe in 10 patients and limited in 10.
B cells could be detected in 21 of the 24 patients (88%) in the rituximab group who had a relapse, with a mean time between the redetection of B cells and relapse of 80.2±85.1 days (range, 1 to 286). In the other 3 patients, limited relapses occurred in the absence of B cells. In contrast, B cells could be detected in 11 of 20 patients (55%) in the cyclophosphamide-azathioprine group who had a relapse, with a mean time between the redetection of B cells and relapse of 101.8±98.2 days (range, 0 to 259). In that group, relapses occurred in 6 patients who did not have detectable B cells; two of these relapses were severe. The other 3 patients with a relapse never met the criteria for B-cell depletion.
Increases in ANCA titer did not predict relapses in either treatment group (Table S2 in 
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limited relapse and one with a severe relapse) in the cyclophosphamide-azathioprine group.
Adverse Events
When adverse events were analyzed on an intention-to-treat basis through the closeout date of the study, there were no significant differences between the treatment groups in the numbers or rates of total adverse events, serious adverse events, or non-disease-related adverse events at 18 months (Table S3 in the Supplementary Appendix). There was also no significant betweengroup difference in the number of participants who had at least one serious or non-diseaserelated adverse event. There were four deaths, two in each group (see the Supplementary Appendix).
To compare the safety of rituximab with that of cyclophosphamide-azathioprine, we analyzed the adverse events in patients while they were receiving their originally assigned treatment (Table 2 ). There were fewer episodes of leukopenia of grade 2 or higher (a white-cell count of <3000 per cubic millimeter) in the rituximab group than in the cyclophosphamide-azathioprine group (5 vs. 23, P<0.001). There was no significant difference between the treatment groups in the number or rate of infections of grade 3 or higher. However, there were 4 episodes of pneumonia in 3 patients in the rituximab group, as compared with 11 episodes in 11 different patients in the cyclophosphamide-azathioprine group (P = 0.03); not all of these patients required hospitalization or intravenous antibiotic therapy. Leukopenia led to more dose adjustments in the cyclophosphamide-azathioprine group than in the rituximab group but was not clearly associated with infections or pneumonias. Serum levels of IgG, IgA, and IgM, as well as the number of patients with low levels of these immunoglobulins, did not differ significantly between the two groups at baseline, 6 months, or 18 months (Table S4 in the Supplementary Appendix), and there was no significant association between low IgG levels and severe infections (data not shown). No additional cancers were observed in the trial after the primary end-point report 3 up to the closeout date of the trial (see the Supplementary Appendix).
Discussion
The 18-month results of this trial help inform the treatment of ANCA-associated vasculitis.
The efficacy outcomes in the rituximab group were consistently as good as those in the cyclophosphamide-azathioprine group over the course of 18 months, despite the fact that patients in the rituximab group who had a complete remission by 6 months received no additional immunosuppression for more than 1 year. Thus, a single course of rituximab, at a dose of 375 mg per square meter once a week for 4 weeks, followed by placebo, is as effective in the treatment of severe ANCA-associated vasculitis as is conventional immunosuppressive therapy with cyclophosphamide and azathioprine administered for 18 months. Our data also show that neither B-cell counts nor ANCA titers alone predict relapses, but as long as both B cells and ANCA remain undetectable, the risk of relapse is low. Finally, no differences in overall adverse events were observed between the treatment groups, with the exception of fewer cases of leukopenia and pneumonia in the rituximab group.
The identification of patients who are at risk for relapse remains a challenge in the treatment of ANCA-associated vasculitis. Our results showed that patients with granulomatosis with polyangiitis, proteinase 3-ANCA positivity, and relapsing disease at baseline had the highest risk of relapse. These findings are consistent with previous observations. 7,15-19 Although our trial was not designed to evaluate the efficacy of azathioprine as maintenance therapy, findings in this subgroup of high-risk patients showed that relapse occurred frequently after remission induced by cyclophosphamide and maintained with azathioprine therapy. When remission was induced by rituximab, the risk of relapse increased when B cells became detectable again. This finding raises questions about the most effective approach to minimizing relapses in this high-risk subgroup. Retreatment with rituximab has recently been shown to maintain complete remission in patients who are positive for proteinase 3-ANCA and who have had relapsing disease. 20, 21 Whether conventional remission-maintenance therapy or repeated B-cell depletion with rituximab is more effective in preventing relapses after initial induction of remission with rituximab deserves further study.
Rituximab effectively induced B-cell depletion in all patients, but nearly all the patients showed reconstitution of peripheral-blood B cells by 18 months. Previous studies have character-ized the effects of cyclophosphamide on the numbers and functions of B cells in the blood. [22] [23] [24] [25] [26] [27] [28] [29] Surprising findings in this trial, however, were that the majority of patients treated with cyclophosphamide also met the criteria for B-cell depletion and that this depletion was often sustained during azathioprine maintenance therapy: 71% of the patients treated with cyclophosphamide-azathioprine did not have reconstituted B cells by 18 months, and 29% still had undetectable B cells. Although B cells were profoundly reduced in both treatment groups, this variable alone did not predict the risk of relapse for individual patients. Changes in ANCA titers were also not associated with the occurrence of relapse. However, among the 44 patients who had a relapse between month 6 and month 18, only 3 had the relapse when their B cells were undetectable and their ANCA assays were negative.
Most patients with severe ANCA-associated vasculitis receive immunosuppressive therapy for a minimum of 18 months -typically 4 to 6 months of cyclophosphamide therapy for the induction of remission followed by maintenance therapy with azathioprine. 17, 30, 31 The patients who were randomly assigned to rituximab received only a single course by design, 8 but the effects of rituximab on the immune system beyond 6 months are poorly understood and probably vary among patients. These differences between treatment regimens have implications for adverse effects. Leukopenia, for example, which is an independent risk factor for death, 32 occurred more frequently in the cyclophosphamide-azathioprine group than in the rituximab group, despite our efforts to minimize this risk by monitoring complete blood counts every 2 weeks and requiring appropriate dose adjustments of these medications. As anticipated, treatment interruptions and dose adjustments were more frequent in the cyclophosphamide-azathioprine group than in the rituximab group. Our trial has several strengths. Blinding was maintained throughout the observation period, patients with relapsing disease were eligible for enrollment, and glucocorticoids were withdrawn completely once remission was achieved. 3, 8 These design features are in contrast to those in most vasculitis trials, which have been randomized but unblinded trials, have enrolled only newly diagnosed patients, and have not included the discontinuation of glucocorticoids as part of the study design. 4, 17, [33] [34] [35] [36] Both the inclusion of patients with relapsing disease and the discontinuation of glucocorticoids contributed to the high rate of relapse, but the relapse rate was equally high in the conventional-treatment group despite continued immunosuppressive therapy during follow-up. The data from this trial, in which rituximab was not readministered, reflect the reality of this disease, which is that relapses are common when the effects of immunosuppressive therapy wear off. The data also point the way to more effective, long-term disease control through intermittent retreatment. In addition, our trial reflects the broad spectrum of organthreatening disease activity in ANCA-associated vasculitis because it included 95 patients who did not have organ-threatening renal disease at baseline but who had severe manifestations in other organ systems that would have warranted treatment with cyclophosphamide under the standard of care that existed when the trial began.
The trial also has some limitations. Patients were excluded from the trial if they had nonsevere ANCA-associated vasculitides, were ANCAnegative, had alveolar hemorrhage severe enough to require ventilatory support, or had advanced renal dysfunction (serum creatinine level, >4.0 mg per deciliter [354 μmol per liter]). 3, 8 Thus, the comparative efficacy of the two treatment regimens for such patients remains uncertain.
In conclusion, our results indicate that for the treatment of severe ANCA-associated vasculitis, a single course of rituximab, at a dose of 375 mg per square meter once a week for 4 weeks, combined with glucocorticoids is not inferior to 18 months of the conventional regimen of glucocorticoids and cyclophosphamide followed by maintenance therapy with azathioprine.
